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Abstract-This project presents the design and implementation of a low-power, high-performance
32-bit barrel shifter on an FPGA. A barrel shifter is a combinational circuit widely used in
modern processors to perform fast bitwise shifting and rotation in a single cycle, unlike
conventional sequential shifters that require multiple cycles. The design, developed in Verilog
HDL, was simulated and synthesized on FPGA platforms such as Xilinx. It supports four
operations: logical left shift (LSL), logical right shift (LSR), arithmetic right shift (ASR), and
rotate right (ROR). A hierarchical multiplexer structure is employed to minimize delay and
optimize hardware utilization. Post-synthesis results confirm correct functionality, efficient
performance, and low resource usage, consuming only a small fraction of Look-Up Tables
(LUTs) and Input/Output Blocks (IOBs). Power analysis shows minimal static and dynamic
power consumption, with most dynamic power attributed to I/O activity, making it well-suited
for embedded and portable systems. Overall, the design demonstrates a scalable, low-power, and
robust barrel shifter architecture ready for deployment in modern digital applications.

Keywords:

Barrel Shifter, FPGA Implementation, Low-Power Design, High-Performance Architecture,
Verilog HDL, Logical Shift Left (LSL), Logical Shift Right (LSR), Arithmetic Shift Right
(ASR), Rotate Right (ROR), Multiplexer-Based Design, Resource Utilization.

1. Introduction

A barrel shifter is a combinational circuit that performs fast bitwise shifting or rotation in a single
cycle, making it widely used in processors, DSP, cryptography, and embedded systems. Unlike
conventional shift registers, it employs a multi-stage selection using multiplexers (MUX) to
achieve efficient operation. Shifting is vital for multiplication, division, floating-point
normalization, and bit manipulation. FPGAs provide an ideal platform for implementing barrel
shifters due to their parallelism and high-speed processing. A 32-bit barrel shifter can be designed
using a hierarchical structure with 1, 2, 4, 8, and 16-bit stages, minimizing propagation delay and
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optimizing resource utilization. The design is implemented using Verilog or VHDL and tested on
FPGA platforms such as Xilinx Vivado/ISE or Intel Quartus. This project demonstrates the
advantages of hardware-based shifting over software methods, highlighting improvements in
speed, efficiency, and parallelism. The implementation further emphasizes the importance of
barrel shifters in modern applications such as embedded systems, cryptography, and machine
learning accelerators.. The research objectives are:

1. To design and implement a low-power, high-performance 32-bit barrel shifter using Verilog
HDL on an FPGA platform, ensuring support for multiple shift and rotate operations such as
LSL, LSR, ASR, and ROR.

2.To optimize the barrel shifter architecture using a hierarchical multiplexer-based structure, with
the goal of minimizing propagation delay, reducing hardware resource utilization, and achieving
scalability for integration into larger digital systems.

3.To evaluate the functional correctness, resource efficiency, and power consumption of the
proposed barrel shifter through FPGA synthesis and post-implementation analysis, validating its
suitability for embedded and portable low-power applications

2. Literature Survey

Recent research in digital hardware design has focused on enhancing performance, reducing
power, and improving scalability across diverse applications. Papageorgiou (2025) introduced
novel scheduling and shifter network architectures for high-throughput signal and image
processing. Sharma, Purohit, and Asati (2025) implemented a single-cycle LDPC encoder on
FPGA for 5G systems, while Li et al. (2025) proposed a 14-bit hybrid SAR ADC with
self-calibration for accuracy and low power. In cryptographic hardware, Lee et al. (2025) studied
interleave sizes for the GIFT-128 cipher, and Rahul et al. (2025) designed a RISC core using
Vedic mathematics to save power and area. Similarly, Izadi and Jamshidi (2025) presented a
low-power approximate multiplier, and Sumarudin et al. (2025) developed a dual-mode
accelerator for deep Q-networks in edge computing. Power-efficient design has also gained
attention, with Joyce et al. (2025) optimizing power grids in congested datapaths, Agarwal, Garg,
and Kumar (2025) advocating FPGA-based low-power systems, Mule and Mande (2025)
reducing FFT complexity via CORDIC modules, Modia et al. (2025) implementing a Vedic
multiplier, and Erna et al. (2025) realizing a high-throughput Huffman codec. Specific to barrel
shifters, Devamane et al. (2015) emphasized functional correctness and resource efficiency,
while Reddy and Babu (2016) highlighted the suitability of 32-bit FPGA-based barrel shifters for
high-speed data processing. These works collectively provide the foundation for current research
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on scalable, low-power, and high-performance barrel shifter architectures for modern embedded
and portable systems.

3. Methodology

To achieve the objectives flowchart of the 32-bit barrel shifter represents the systematic steps
taken during the entire design and implementation process. It begins with understanding the
requirements of the barrel shifter, including its input/output structure and the types of operations
it should perform. Once the problem is defined, the next step is to design the logic using Verilog
HDL.
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Figurel: Flowchart of the 32-bit barrel shifter.
The flowchart of the 32-bit barrel shifter represents the systematic steps taken during the entire
design and implementation process. It begins with understanding the requirements of the barrel
shifter, including its input/output structure and the types of operations it should perform. Once
the problem is defined, the next step is to design the logic using Verilog HDL, specifying how
the data will be shifted or rotated based on control signals.[3]

4. Result Analysis

The waveform shown in the behavioral simulation result represents the functional verification of
a 32-bit barrel shifter using Verilog. The simulation is conducted to observe the output response
of the barrel shifter for different shift modes and input conditions over time. The input D[31:0]
carries the 32-bit data to be shifted, and S[4:0] specifies the shift amount. The control signal
Mode[1:0] determines the type of shift operation: logical left shift (00), logical right shift (01),
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arithmetic right shift (10), or rotate right (11). In the waveform, different time intervals (in
nanoseconds) demonstrate behavioral simulation changes in these control signals and input data,
with corresponding changes observed in the output Out[31:0]. For example, at one time instance,
when the mode is set to "11" (Rotate Right) and the shift amount is "4", the output reflects the
circular rotation of bits. The simulation confirms that the barrel shifter correctly interprets mode
and shift inputs, producing expected output values in real-time. This validates the functionality
of the design under different operating the models based on their performance metrics and
analyze the results.

Figure2:Simulation for the behavioral simulation 32-bit barrel shifter using Verilog.
The RTL (Register Transfer Level) schematic is a structural representation of HDL code
generated after elaboration, showing how the design is logically organized into registers,
multiplexers, gates, and control paths. For a 32-bit barrel shifter, the RTL schematic provides a
high-level abstraction of the data flow, automatically generated from Verilog or VHDL. It
includes input ports such as the 32-bit data line (D[31:0]), a 5-bit shift control (S[4:0]), and a
2-bit mode selector (Mode[1:0]). Internally, the design uses a hierarchical arrangement of
multiplexers that shift data in stages of 1, 2, 4, 8, and 16 bits, enabling fast parallel shifting. The
control logic, based on Mode[1:0], activates the required operation—Logical Left Shift (LSL),
Logical Right Shift (LSR), Arithmetic Right Shift (ASR), or Rotate Right (ROR)—and the result
is sent to the 32-bit output (Out[31:0]). The RTL schematic helps in verifying functional
correctness, identifying issues such as unconnected ports or redundant logic, and documenting
the intended architecture. In contrast, the post-synthesis schematic provides a gate-level
representation of the same design after synthesis in tools like Xilinx Vivado, Synopsys Design
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Compiler, or Intel Quartus. This schematic reflects the optimized hardware implementation
mapped to FPGA resources, showing how the high-level RTL description is translated into
standard logic gates and interconnections under constraints of area, speed, and power. For the
32-bit barrel shifter, this ensures that the design is functionally correct, resource-efficient, and
performance-optimized before deployment.

Tablel: REPORTS OF 8,16,32 BITS OF BARREL SHIFTER

LOGIC(8 bit) USED AVAILABLE UATILIZATION
NO. of slices 18 860 1%

NO. of LUTs 33 1540 1%

NO. of IOBs 16 46 22%

LOGIC(16 bit) USED AVAILABLE UATILIZATIN
NO. of slices 55 910 4%

NO. of LUTs 101 1590 4%

NO. of IOBs 22 56 46%

LOGIC(32 bit) USED AVAILABLE UATILIZATOIN
NO. of LUTs 230 8000 3%

NO. of IOBs 71 100 71%

5.Conclusion
The 32-bit low-power barrel shifter was successfully designed and implemented, supporting
logical, arithmetic, and rotational shift operations. Functional simulation verified that the design
produced correct and predictable outputs under various control signals. Synthesis results showed
minimal utilization of LUTs and I/O pins, making the design compact and easily integrable into
larger digital systems. Power analysis confirmed low dynamic and static power consumption,
with most dynamic power attributed to I/O activity in high-bit-width operations. The balanced
distribution of logic elements helped reduce routing delays and improve overall speed.
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Furthermore, the design demonstrated scalability across 8-bit, 16-bit, and 32-bit versions with
minimal overhead. Overall, the proposed barrel shifter meets the essential constraints of power,
performance, and area, making it highly suitable for modern VLSI systems and embedded
applications.

6.References

1.

10.

11.

12.

13.

14.

Papageorgiou, N. (2025). Novel scheduling and shifter networks. In Design and Architecture for Signal and
Image Processing: 18th International Workshop, DASIP 2025, Barcelona, Spain, January 20-22, 2025,
Proceedings (Vol. 15569, p. 95). Springer Nature.

Sharma, A., Purohit, G., & Asati, A. R. (2025). FPGA-based implementation of single-cycle
high-throughput LDPC encoder for 5G new radio. [EEE Embedded Systems Letters.

Li, S., Meng, Q., Zhang, L., & Wu, J. (2025). A 14-bit 2-MS/s hybrid-logic based SAR ADC with
common-mode self-calibration. Microelectronics Journal, 1067.

Lee, M., Shin, H., Shin, M., Lee, D., Seo, S. C., & Hong, S. (2025). Best interleave size of GIFT-128 on
64-bit ARM processor. Journal of Cryptographic Engineering, 15(1), 1-16.

Rahul, D., Lakshmi, G. P., Reddy, G. M., & Ganorkar, A. M. (2025). Design and implementation of low
power and low area RISC core using Vedic mathematics. In 2025 [IEEE International Conference on
Interdisciplinary Approaches in Technology and Management for Social Innovation (IATMSI) (Vol. 3, pp.
1-6). IEEE.

Izadi, A., & Jamshidi, V. (2025). LHTAM: Low-power and high-speed approximate multiplier for tiny
inexact computing systems. Computers & Electrical Engineering, 123, 110215.

Sumarudin, A., Sutisna, N., Syafalni, I., Trilaksono, B. R., & Adiono, T. (2025). Low complexity and
scalable architecture of dual-mode training and inference hardware accelerator for deep Q-network (DQN)
based edge computing. IEEE Access.

Joyce, C. M., Upadhyay, P., Nishad, S., & Kakkar, A. (2025). PPA-aware power grid optimization
techniques for congested high frequency datapath designs. In 2025 38th International Conference on VLSI
Design and 2024 23rd International Conference on Embedded Systems (VLSID) (pp. 308-313). IEEE.
Agarwal, P., Garg, T. K., & Kumar, A. (2025). Low-power embedded system design applications using
FPGAs. In Embedded Devices and Internet of Things (pp. 1-20). CRC Press.

Mule, P. C., & Mande, S. S. (2025). FPGA-based reduction in complexity of FFT twiddle factor butterfly
with embedded CORDIC module. International Journal of Ad Hoc and Ubiquitous Computing, 48(1),
34-45.

Modia, H., Chauhan, D., Patel, S., Gondalia, V., & Khistariya, J. (2025). Design and implementation of
Vedic multiplier on Spartan-6 FPGA using Verilog HDL. [Publication details missing].

Erna, G., Saidulu, V., Kudithi, T., & Banoth, A. N. (2025). FPGA implementation of high throughput
encoder and decoder design of lossless canonical Huffman machine. Results in Engineering, 105037.
Devamane, S., Hanchate, A., Vagare, U., Ujagare, S., & Teggelli, P. (2015). Design and implementation of
FPGA-based barrel shifter. International Journal of Advanced Research in Computer Engineering &
Technology (IJARCET), 4(1), 101-104.

Reddy, K. N., & Babu, S. K. (2016). Design and implementation of FPGA-based 32-bit barrel shifter.
[Publication details missing].

ISSN: 2583-9055 https://jcse.cloud/

180



https://jcse.cloud/

	Keywords:  
	                                                                       
	 
	 3. Methodology  
	4. Result Analysis 
	 
	Table1: REPORTS OF 8,16,32 BITS OF BARREL SHIFTER 
	 
	                                                               
	 
	   5.Conclusion 


